The first synthesis of endohedral fullerene containing molecular hydrogen, H 2 @C 60 , is briefly summarized. The synthesis was conducted according to what we call the 'molecular surgical method', that is, opening a hole on a C 60 surface, enlargement of the hole, insertion of a guest species and enclosure of the hole without loss of the encapsulated guest. The entire process involves three chemical reactions to open the hole and four reactions to gradually reduce the hole size and finally close the hole. The total yield of the product, H 2 @C 60 , based on consumed C 60 was 9%. The encapsulated molecule of hydrogen exhibited a 6 ppm upfield-shifted 1 H NMR signal when compared with free hydrogen, indicating the aromaticity at the inner centre of the C 60 cage.
The endohedral fullerene containing molecular hydrogen, H 2 @C 60 , made by us, is a novel hydrocarbon with no C−H covalent bond that has aroused the interest of so many research groups. Many active collaborative studies have been developed to date. This is the most joyful outcome of our work. In fact, it is now already an old story, but I would like to describe how and why we started the study of molecular surgery of C 60 , which resulted in the creation of H 2 @C 60 .
The idea of molecular surgery of C 60 to create endohedral fullerenes, that is, to make a hole on C 60 and enlarge it (an 'incision'), to insert a small guest species, to reduce the size of the hole and complete enclosure of the hole (a 'suture') without loss of the guest species, was first proposed by Rubin [1, 2] at the University of California, Los Angeles. This is truly an attractive methodology for the production of endohedral fullerene, which had previously relied on rather hard-to-control physical methods such as arc discharge between carbon rods containing metal oxides or application of high pressure/high temperature of noble gases on fullerenes. The yield of the object using these methods is far less than 1%, or only a few milligrams after tedious separation procedures. As synthetic chemists, we had been working on the reaction of C 60 with polyazaaromatics such as phthalazine (2,3-diazanaphthalene). While the mechanochemical reaction under solidstate conditions gave a dimeric fullerenyl compound, the liquid-phase thermal reaction afforded a C 60 derivative containing a hole with an eight-membered ring [3] !. This was a nice surprise and led us to investigate other related reactions. Finally, we reached a reaction of C 60 with a 1,2,4-triazine derivative to afford 1, which was, in turn, transformed into an open-cage C 60 derivative 2 with a 12-membered-ring hole ( figure 1, steps a and b) . This opening, however, was not large enough even for a pressurized hydrogen molecule to go through.
Following on from this, Michihisa Murata, who was a student at that time and is now an assistant professor, discovered by means of his careful experiment that elemental sulfur could be incorporated into the 12-membered-ring hole in the presence of a π -electron donor, thus successfully enlarging the opening into a 13-membered ring ( figure 1, step c) . Owing to this discovery, we could obtain a fullerene derivative 3 with sufficiently large opening [4] , and molecular hydrogen was found to get inside the open-cage C 60 at 200 • C under a pressure of 800 atmosphere ( figure 1, step d) [5] . Compound 3 is a nanocontainer of a hydrogen molecule, holding hydrogen unless it is heated to temperatures higher than 150 • C.
Using a sulfur atom to enlarge the opening was really a smart idea, because the sulfur was also removable under mild conditions. Thus, at room temperature, it was oxidized to an SO unit, which was readily removed by a photochemical reaction, again at room temperature, to give H 2 @2 ( figure 1, steps e and f ) . Then, the 12-membered-ring opening was shrunk to an eightmembered ring in H 2 @1 by the well-known McMurry coupling of the two C=O groups at the opening at 80 • C ( figure 1, step g ). At each of these steps, complete retention of encapsulated hydrogen was confirmed by the integrated peak intensity (2.00 H) of the characteristically upfieldshifted NMR signals of the inner hydrogen. Finally, the complete closure of the opening and removal of organic addends was successfully conducted by simply heating the hydrogen complex H 2 @1 at 340 • C under vacuum (scheme 1, step h) [6] , affording the desired H 2 @C 60 , with a 9% total yield based on consumed C 60 , as a stable material, which can tolerate heating at 500 • C.
The encapsulated hydrogen molecule exhibited a 1 H NMR signal at δ-1.44 ppm, which is almost 6 ppm upfield-shifted when compared with the signal of the free hydrogen molecule (δ 4.54), indicating quite high aromaticity at the centre of the inner space of C 60 . But, much more detailed and sophisticated studies on the NMR of this molecule have been conducted by the group of Levitt and co-workers [7] . The molecular hydrogen inside the fullerene cage gives us a good opportunity to study its spin chemistry and physics, as well as NMR, which have been carried out actively by the group of Turro and co-workers [8] . In fact, we did not expect that our compound H 2 @C 60 would become the object of such wide and in-depth studies by many international research groups. It is, indeed, our pleasure and honour that the compound we made has attracted such great academic interest from various disciplines ranging from chemistry to physics. We believe that a new scientific field will be developed from the concept of 'nanolaboratory'.
